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A STUDY OF METAL-INSULATOR-SEMICONDUCTOR MAGNETORESISTANCE,
BULK, AND SURFACE PROPERTIES OF INDIUM ANTIMONIDE

1.0 Introduction

This report presents a discussion of the metal~insulator-
magnetoresistance, bulk, and surface properties of the indium
antimonide compound semiconductor material.

The vacuum system modified by The University of New
Mexico research team (Reference 1) has made the research of
the compound semiconductor materials possible. Furthermore,
the vacuum system is under modification to improve the capa-
bility for vacuum deposition of the compound materials. The
electron beam source and its control system will be adapted
to the vacuum system.

In order to obtain the best metal-insulator-semiconductor
magnetoresistance devices, the maximum theoretical limits
and expected experimental results should be known before fab-
rication and measurement. Calculations from the given data
involve the corbino disk magnetoresistance MIS thin-film
transistor, magnetoresistance of the MIS thin~film device,
and MIS corbino disk magnetoresistance. The individual char~
acteristic curves, i.e., magnetoresistance versus magnetic
field, will be drawn to compare the theoretical results to

the experimental ones.




2.0 Theory and Expected Results from the Experiments

2.1 Eqguations for the Magnetoresistance Devices

2.1.1 Corbino Disk

R

2.1.2

[

o

A
p

The expression for the corbino disk (Reference 2) is

i

inner radius of the corbino disk

outer radius of the corbino disk
thickness

resistivity of the material when B = 0

resistance when B = 0

The Corbino Disk Magnetoresistance for a Single Con-
duction Band and a Spherical Energy Surface of

Electrons
_g] %~ %
o) po
c
= tanze
2
=. 72
(ueB) (2)

In practice a number of factors may cause a departure of

this characteristic from a B2 dependence, particularly in

high magnetic fields. Such factors are manifest in the form

of physical magnetoresistance (Ap/po) such that the resistiv-

ity is no longer independent of the magnetic field. Wieder




(Reference 3) has shown that the corbino magnetoresistance is

then expressed by

pO pO o O

p Y
[éﬂ] = [é91 + B tan26 = E§(1+tan26) -1 (3
P:Ce -~

2.1.3 Corbino Disk Magnetoresistance for Two Different
Conduction Bands

<“:?£ Z‘l‘ + 2'2)52 * <“J_“2BZ)2
8] -5 @
LPol, 112 22 2
o} o
where

b, = electron mobility

up = hole mobility
ul,u2 = mobilities of each band
01,0, = Zero field conductivities of each band

Oy = effective zero field conductivity

In the low-field region (Reference 4), unB << 1 and we have

Apt . 91 2 \
° C

In a stronger region, unB > 1

where b = un/up and b >>- 1 for InSb.

In the very strong field region, upB >> 1




[éﬁj = ?3-11- o B2 {?)

2.1.4 Magnetoresistance of Two-Layer Corbino Disks
A corbino disk is divided into two-layer disks (Refer-

ence 5), and the magnetoresistance of the disk is

2.2
ljé_R_] ~ R(B) RO ~ leB (@)
R - R - 2.2
ols o] 1 + K(l+ubB )
where
My = thicker layer mobility
K = surface-like sheet resistivity
~ bulk-like sheet resistivity
c_d
_ _s's
Oy
o, = thin layer conductivity
ds = thin layer thickness
oy = thicker layer conductivity
db = thicker layer thickness

2.1.5 MIS Thin-Film Transistor

The equations for the MIS thin-film transistor intro-
duce the MIS magnetoresistance devices. In general, the
source current in the.simpiified MIS transistor is expressed

as

. m i
i, = et (9)
s~ T+ g Rg




where

iS = gource current
Iy = mutual conductance
E, = input voltage
RS = gource resistance

The transconductance, I’ is expressed as

o = n
m AVGS v
' DS
_ eWudVDS (10)
= e (
hI L
where
ID = drain current.
VGS = voltage between drain and source

€ = dielectric constant of the insulator

W = width of the dielectric material

L = length of the dielectric material
h_ = height of the dielectric material (insulator)

= effective drift mobility of the An electrons

The drain-source resistance of the MIS field-effect transis-—

tor R is expressed as

DS
L - hI
R = ® ° 3 {li;‘
DS € W Ud VGS
If VDS = VGS’ we obtain




2.1.6 Magnetoresistance of the Rectangular Slab and MIS
Device

o 172
_ SB 2.2
Rg(B) = Rgq ng(l+uHB ) (13)

where
RS(B) = glab resistance with magnetic field, B
Pgp = slab resistivity with magnetic field, B
fPso =- gslab resistivity without magnetic field
My = Hall mobility

B = applied magnetic field

R

S0 resistance of the slab when B = 0

For the MIS field-effect transistor,

RS(B) = RDS(B)

| L - hy Psp,. . 2.2 1/2

= = W . Y (l+uHB ) (]—4)

Yy ps Pso
L «h u 1/2
I 0 2.2
R, (B) = - - - —=(1+u;B") (15)
] € W “d VDS Hp H
since

Ps _ o
Pso B




~mobility when B = 0

=
il

= mobility when B # 0

2.1.7 MIS Corbino Disk
The zero-field drain-source resistance,

pressed as

R =~...-89_..2,ni2.
DSO 21ThS ry

RDSO' is ex-

(16)

The drain-source resistance of the MIS corbino disk is

g h r

I 2
DS c ID 2weud T
=.—.—EL.——2ni%
2ﬂeudVGS rl
Since
o = D
m VGS
hence,
hIhS

RDS c DSO poaudVGS

where’
h_ = height of insulator (thickness)

h., = height of semiconductor (thickness)

(17)

(18)




semiconductor resistivity when B = 0

o

VGS = voltage between gate and source

2.1.8 MIS Corbino Disk Magnetoresistance

a. For VGs =0 and B = 0

0 r
_ 0 2
ps! " Zmhg An == (19)

# 0 and B = 0

] = [R..] //
v,BO D5"yo,B0 Furs

r h
2 I
n (20)
[ 1| Bibs * PofHaVs

p

o)

il
|

B

v

where

hIhS R
DS

Rurs €05H3Ves VO, BO

c. For VGS # 0 and B # 0

(Rypg (B)] = [Rpgl — //R(®) (21)

where R(B) = magnetic field-dependent resistance of two-
layer corbino disk.
2.2

R(B) = 5 in == (22)
2md, [1+K(1+u,B7) ]




Py )
ROO) = gra(mmy *» £ (23
b 1
Hence,
r
2.2 2
= —— e 24
[RMIS(B)]C Py PLE¥Vas 2.2 2
27 hb+ (Khb+ 5 hS+' —-—E———-—>(l+ubB )
o I
and
r.
pbln f%
[Ryrs (91 = G/ (25)
21 h, +(Kh, + — h + —e 82
b b b S by

Finally, the magnetoresistance of the MIS corbino disk is ex-

pressed as

[ ARyrs ] _ “éBz | (26)
Rurs (©) . l+<K+pbhs . pbg“dvss>(l+u2B2)
pohb hIhb b

where

W, = thicker layer mobility

N = thicker layer resistivity

hb = thickness of thicker layer

hI = thickness of insulator

hS = thickness of semiconductor




2.2

Calculations of the Magnetoresistance--of the MIS Devices

2.2.1 Material Properties (References 4 and 5)

Material
Type of semiconductor

Maximum electron concen-
tration at 80°K

Minimum mobility at 80°K
Energy gap at 300°K
Resistivity at 80°K.
Resistivity at 300°K

Mobility at 300°K

InSb-8n, Ohio Semicon., Inc.

n-type

14

5 x 10 atoms/cm3

300,000 cm?/V-sec

0.16 ev
S S -
Py = Ju_n = 0.041 ohm-cm

0.003-0.005 ohm-cm

78,000 cm2/V-sec for the
concentration of 5 x 10

cm

°
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IMPURITY CONCENTRATION (cmio)

Figure 1.

Dependence of electron mobility on impurity con-

centration for n-type InSb at room temperature (Reference 6)
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Figure 2. Temperature vs. mobility, Hall coefficient and
conductivity for InSb thin films (Reference 7)

11

MOBILITY, & {em? /volt -sec)



2.2.2 Resistance of the Corbino Disk

From Equation 1 we obtain

o r
o) 2
Ry = 3m@ *» =
1
_ 0.004 0.4
= 77 0.1 0 g.7 (ohms)
-3
= 8.8 x 10 © ohm
since
r, = 0.4 cm
rl = 0.1l cm
d = 0.1 cm
Py = 0.004 ohm-cm

(27)

2.2.3 The Corbino Disk Magnetoresistance for a Single Con-

duction Band and a Spherical Energy Surface of

Electrons

From Equation 3 we have

[é_o_] _F
o P
p o C'O

0
,5§(1+u252) -1

B(1+tan®e) - 1
o

o

po<l+u2B2)(l+u2B2)

o

2
(l+u232) -1

12




Substituting u, = 78,000 cmZ/V~sec and plotting [Ap/po§
. pﬁc‘
with respect to field B, we have a curve as shown in Figure
3..
2.2.4 The Corbino Disk Magnetoresistance for Two Different
Conduction Bands-

a. uB <<'1 (low-field region)

For this region, B << 1000 gauss

ST 2
= T’g(unB)'

1
7E,
3

108B2 where w, = 7.8 mz/V—sec.

The curve is plotted in Figure 4.

B (gauss) [éﬁ} for u B <<1
) n
(o]
0 0
-6
1 1.08 x 10
10 1.08 x 10”4
50 2,70 x 1073
100 1.08 x 102
200 4.32 x 1072
400 1.73.x 1071
500 | 2.70 x 1071

13
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Corbino disk magnetoresistance vs. magnetic
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b. “nB.Z 1 (a stronger region)

=l

1

am. 2
Ig(upB) + b

= 1.68 x 10728 + 80

where
b = 80
“p = 975 cmz/V—seC’(700 cmz/V—sec by Madelung)
B (kilogauss) <%£> for unB >1
. @]
0 -
1 1.68 x 10”% + 80
2 6.70 x 10~4 + 80
3 1.51 x 1072 + 80
4 2.68 x 107> + 80
5 4,20 x 1073 + 80
6 6.05 x 107> + 80
8 1.07 x 1072 + 80
10 1.68 x 1072 + 80
100 1.68 + 80
200 6.72 + 80
500 42.00 + 80
1000 168.00 + 80

15
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c. u_ B >> 1 (very strong field region)

4

2

0 n¥p
©/¢
- 8.83 x 7.8 x 0.0975 x B2
= 6.71B%
. Ap’
B (kilogauss) —1 for u B >> 1
o p
10 6.71
20 26.85
50 167.50
70 329.00
100 671.00
200 2,685.00
300 6,040.00
400 10,740.00
500 16,750.00

2.2.5 Magnetoresistance of Two-Layer Corbino Disks

Let
My = 78,000 cmz/v-sec
oy =. surface conductivity
o = bulk conductivity
d_ = surface thickness

d, = bulk thickness

o._d
K =»gsas =~ 0.03
%

22
HpB

i‘] N , )
[ o) c 1 + K(l+ubB )

60.84B°2
1.03 + 1.825B2

18
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B (kilogauss) [%—] = uiBz/l + K(l+ug82)
o)

0 0

1 0.581
2 2.202
4 7.360
6 12.980
8 17.700
10 21.350
12 24.100
14 25.700

If we let Hy = 60,000 cm2/V—sec (= 6 mz/v—sec)

8RT 36w’
R, . 1.03 + 3.1072% . 3682

B (kilogauss) [%ﬂ] when Wy, = 60,000
o

0 0.00.
1 0.336
2 1.38
4 4.79
6 9.13
8 13.40
10 17.05
12 20.05
14 22.45.
16 -

2.,2.6 MIS Thin-Film Transistor

Let
_ _ , _ ~-10

e = Ke_ = 100 * 0.092 pf/cm =9 x 10 farad/cm
hy = 0.1 um = 1077 m

L=23um= 3 x 107° m

W= 625 um = 6.25 x 1074 m

o=y —E

d H nF + nT

20




In wide bandgap materials, we assume that the drift mobility
Mg is a constant independent of variations in gate voltage

v When the semiconductor contains many traps or surface

G,'
states, . the large fraction of trapped electrons may cause the
effective drift mobility to be much smaller than the micro-

scopic-or Hall mobility by the factor 6 (Reference 8)

Hg

where

Mg = effective drift mobility in the presence of traps

Hp = true drift mobility, assumed equal to the Hall
mobility

N =. free carrier density

nn, = density of trapped carriers

As the gate bias is further increased, most of the available
traps are filled, resulting in much larger increases in con-
ductivity of the semiconductor. Under these conditions, the
drift mobility Mg should approach a constant value equal to

the Hall mobility (6 =.0) and I should become a constant

independent of gate bias. Therefore, we let Hg = Hyge Then
we have
_ & Wt MeVps
gm h_L

I

(9 x 10719 (6.25 x 10'4)(7.8)(VDS)
)

(10°7y (3 x 10~
-1

Il

15.6VDS ohm

21




MUTUAL CONDUCTANCE, g, {(MHOS)

Figure 7.
vs.

] 1 ] 1 1 ¥ i 1 I i ¥ ¥
R
DS
2001 —i 1.0
Im
- 0.8
150
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0
0.5 - 0.2
‘ ; : 0=0.1
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0 5 10 15
_ DRAIN-SOURCE VOLTAGE, Vpg (VOLTS)
Mutual conductances and drain-source resistance

drain-source voltage
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For 6 = 0.5,

For 6 = 0.1,

= ; -1
Iy = l.56VDS ohm

The drain-source resistance, RDS’ is as follows:
For 6 = 1,
RDs _ 0§064 ohm
DS
For 6 = 0.5,
RDS _ 06128 ohm
DS
For 6 = 0.1,
0.64
R oh
DS VDS

2.2.7 Magnetoresistance of the Rectangular Slab and MIS
Device-

From Equation 13 and letting

. refer to Table I

=
It

o

bg = refer to Table I
g = 78,000 cm? /V-sec
L=23x10°%n

W=6.25x 10 % n

23




-7

hI = 10 m
Mg = 78,000 cmz/V—sec = 7.8 mz/V-sec
e =9 x 10 10 farad/m
VDs = variable
L - h u 1/2
I e} 2.2
R, (B) = — - - —=(1+pB7)
S € W ud VDs uB H
0.064 Mo,. 2.2 1/2
= ﬂ_(l+uHB )
DS B ‘
From the table (Reference 9)
TABLE I
Comparison of uO/uB versus B
B (KG) 2 4 6 8 10
uo/uB (Weiss & Walker) 1.05 1.14 1.25 1.36 1.48
uo/uB (Simmons) 1.04 1.10 1.20 1.34 1.49
For 6 =1,
u 1/2
Ry (B) = 0.064 | “90(1.61x8%)
DS Lz
B (Kgauss) RS(B)
1 0.064 x 1.30/VDS = 0.0832/VDS
2 0.064 x l.945/VDs = 0.1245/VDS
4 0.064 x 3'73/VDSv = 0‘239/VDS
) 0.064 x 6.OO/VDS = 0.384/\7DS
8 0.064 x 8.60/VDS =V0.550/VDS
10 0.064 x 11.65/VDS_= 0.745/\7DS
12 0.064 x'15'35/VDS = 0‘983/VDS

24




For 6 0.5

u 1/2
22228 . O(1+61x8%)

DS [

RS(B) =

B (Kgauss)

1

10

12

For 6 0.1

0.64 1/2

v

U
. 39(1+61xB2)

R (B) =
S DS B

B (Kgauss)

1

2

4

10

12

25

RS(B)

R

0.832/V

.1664/VDS
.2490/VDS
.4780/VDS
.7680/VDS
.lOOO/VDS
.49OO/VDS

£9200/V ¢

Ry (B)

DS

1.245/V o
2.390/V ¢
3.840/V, ¢
5.500/V, ¢
7.450/V ¢

9'800/VDS




1.03

| e:=1o0
0.9] '
| Ro(B) = 20684, _Fe (4 g1p2)2
S v kg
| DS :
0.8/
_ ‘ VDs z{,0
0
§ J
o O7] '
@ ,
L 06
w
Z
< 0.5 ;
g ‘
w
w A
€ 0.4
o 0
«
J ‘.
wn ‘
0.3
0.2
5.0
0.1 o
10.0

0 5 10
MAGNETIC FLUX DENSITY, B (KGAUSS)

Figure 8. MIS slab resistance vs. magnetic flux density
when 6 = 1.0
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©=0.5

[
L 0.128 | Ko 2y2
Rg(B) Vos Fe (1 + 618°)

SLAB RESISTANCE, RS(B), (OHMS)

| 5 10
MAGNETIC FLUX DENSITY, B(KGAUSS)

Figure 9. MIS slab resistance vs. magnetic flux density
when 6 = 0.5 '
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Figure 10. MIS slab resistance vs. magnetic flux density
when 6 = 0.1
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2.2.8 MIS Corbino Disk
From Equation 16 and letting
r, =107 m
r, =4 x 10" m
2
_ -6
hS =5 x 10 m
by = 4 x 107> ohm-m
_ (4x107°) 4x1073
Rpso = 6o T3
2w (5x10 7) 10
= 1.763 (ohms)
h_h
IS
[Ro.] = 1.763 ¢ ——te—
DS c poeudvGS
_1.763 - (107)) - (5x107°)
(4x107°) (9x1070) (7.88) Vg
_ 3.14
eVGS
= 1.0 5 = 0.5
31.4 6.28
\ [R — Q [R..] =5——Q
GS DS’ Vg DS’ Vg
1 3.140 6.28
2 1.570 3.14
4 0.785 1.57
6 0.524 1.045
8 0.393 0.785
10 0.314 0.628
2.2.9 MIS Corbino Disk Magnetoresistance

From Equations 19, 20, and 24 and letting

29




sof~ |

20—

DRAIN-SOURCE RESISTANCE, IZRDSIC (OHMS)

DRAIN-SOURCE VOLTAGE, Vpg (VOLTS)

Figure 11. MIS corbino disk drain-source resistance vs.

drain-source voltage
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r. =103 m

1
r, =4 x 1073 n
B -6
hS =5 x 10 m
s =4 x lOf5 ohm-m
=T
hy =107 m
e =9 x 100 (for Ti)
_ _ 2
ng = uHe = 7.86 m"/V-sec
VGS = wyariable
4 x 1072 4
(Rpg) = — ‘n 7= 1.763 ohms
VO, BO 2m x 5 x 10
1
(Rya) = (R.a) ’
DSy, BO D5"vo, BO 1. (poeudVGS>
hphg
_ 1.763
(4x107°) (9x10 10 (7.80)v
1+ , GS
(10”7) (5x10°%)
_ 1.763
T+ 0.5610V
6 = 1.0 6 = 0.5 6 = 0.1
(R.a) =
D5y, BO
v 1.763 1.763 1.763
GS T+ 0.561V T+ 0.281V T+ 0.0561V
0 1.763 1.763 1.763
1 1.130 1.375 1.670
2 0.832 1.130 1.584
4 0.545 0.832 1.440
6 0.404 0.656 1.320
8 0.322 0.545 1.218
10 0.267 0.463 1.130

31




DRAIN- SOURCE RESISTANCE, (RDS)V,BO (OHMS)

(0] 5 10
GATE-SOURCE VOLTAGE, Vos (VOLTS)

Figure 12. Drain-source resistance vs. gate-source voltage
as a function of 0
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Letting

= 7.8 mZ/V—sec or 6.0 m2/V—sec

Hp T Mg
osds
K = = 0,03
Obdb
€ =9 x lO_lO‘farad
_ _ 2
Mg = euH = 7.86 m”/V-sec
_ -7
hI = 10 m
hg = 5 x 107% n
P, =4 % 10™° ohm-m
- _ -6
hb = hS =5 x 10 m
~ o—— —5 —
Py = Py = 4 x 10 ohm-m
[ARMIS } N 6182
R (0) B ' © peU.V
MIS c 1+ [R+1+ 29 G8) (146182
h_h
IS
_ 6182
1 + (1.03+0.5618V,g) (1+61B°)
6 = 1.0
VGS = 1,0 VGS = 2.0 VGS = 5,0
2 2 2
B (Kgauss) MR=_—018 5> MR =215 5 MR= 618 -
2.591+97B 3.15+131B 4,835+233,.8R
0 0 0 0
0.5 0 0.0439 0.0280
1 0.171 0.1425 0.0850
2 0.377 0.2915 0.1730
4 0.53¢9 0.405 0.2320
6 0.584 0.435 0.2466
8 0.612 0.450 0.252¢6
10 0.614 0.455 0.2555
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Figure 13. MIS corbino disk magnetoresistance vs. magnetic-
flux density when 6 = 1.0
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Figure 14. MIS corbino disk magnetoresistance vs. magnetic-
flux density when 6 = 0.1
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v = 10.0 Vv = -1.0 Vv = -1.835

GS GS GS
2 2
B (Kgauss) MR = —0ZLB — MR = 61B 5 MR = 6182
7.64+405B 1.4694+28.6B
0 0 0 0
0.5 0.0176 0.095 0.15
1 0.0522 0.348 0.61
2 0.1023 0.937 2.44
4 0.1347 1.610 9.75
6 0.1431 1.860 21.90
8 0.1463 2.000 39.60
10 0.1480 2.030 61.00
6 = 0.1
Veg = 1.0 Vas = 2.0 Vieg = 5.0
. 2 2 2
B (Kgauss) MR = 1B 5 MR = 61B S MR = 1B 5
2,0861+66.3B 2.1523+70.4B 2.31+79.98
0 0 0 0
0.5 0.0688 0.0658 0.0608
1 0.222 0.215 0.15%60
2 0.516 0.495 0.4430
4 0.767 0.734 0.6460
6 0.843 0.805 0.7060
8 0.890 0.835 0.7310
10 0.893 0.850 0.7420
Vog = 10.0 Vog = -10.0
2 2
B (Kgauss) MR = 61B 5 MR = 61B 5
: 2.591+97B 1.469+28.68
0 0 0
0.5 0.0465 0.095
1 0.171 0.348
2 0.377 0.937
4 0.539 1.610
6 0.584 1.860
8 0.612 2.000
10 0.614 2,030

3.0 Electron Beam Source and Proposed Experimental Work

The: CVC Vacuum System, CVI-18, is under modification.

The electron beam source, Model TIH-270, Air Reduction
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Company, Berkeley, California 94710, is installed in the

vacuum chamber of the CVC system. The electron-beam-heated
vapor source with 270° magnetic deflection requires a water-
cooling system and a high voltage power supply with the con-

trols.

3.1 Basic Principles

The electron beam source operates on principles not
greatly different from those of a cathode~ray-tube. The
cathode (filament) is operated at a negative high-voltage
potential; the electrons are accelerated to the crucible
which is at ground potential. The tungsten filament is
heated to incandescence, causing electrons to be emitted in
random directions. Thus, emission current is controlled by
varying filament current. The filament is set in a cavity
bounded by cathode blocks and a beam former, all at cathode
potential. Space charges are formed by the emitted electrons
at the back, bottom, and top of the cavity, forcing electrons
emitted in these directions to return to the filament. Only
electrons emitted at the fronF of the cavity escape. These
are accelerated by the anode potential through a hole in the
anode plate. During acceleration they are also focused, the
plate operating somewhat as a single aperture lens. Beyond
the anode plate, the electron beam is both deflected and
further focused by a magnetic field onto a small spot on the
evaporant metal in the crucible. The beam position controls
vary the position of the electron beam on the crucible, and

the dither controls allow the beam to be swept back and forth
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longitudinally across the crucible. The sawtoogh dither
waveform is superimposed on the quiescent DC beam position

setting.

3.2 Specifications

Maximum accelerating voltage 10,000 vV DC

Maximum gun power 10 XKW (1 A at 10,000 vV DC)
Minimum water flow at 25° C 1 gpm or 2 gpm for Al
Maximum water pressure 1000 psig

Focus coil voltage 18 vV DC

Focus coil current 1.2 A normal, 3.0 A max.

Lateral sweep (dither)

Voltage 28 V P.P. max.

Current 2.5 A max.
Filament number 202-3231 (0.031"¢, 6 turns)
Filament maximum

Voltage € V AC

Current 28-35 A

The source is compatible with Airco Temescal Model ES-6A-210.

3.3 Advantages

The electron beam source and the electron-gun magnetic
focusing system are shown in Figures 15 and 16. The electron-
bombardment heated method has some significant advantages
(Reference 10). |

1. Upon impinging, most of the kinetiec particle energy
is converted into heat, and temperatures exceeding 3,000° C
may be obtained.

2. Since the energy is imparted by charged particles,

it can be concentrated on the evaporating surface while other
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Figure 15. Electron beam source
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Figure 16. Electron Gun Focusing System
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portions. of the evaporant are maintained at lower tempera-
tures. Hence, interaction between evaporant and support ma-
terials is greatly reduced.

3. Chemical reaction is negligible although the evapo-
rant is in contact with the support surface. This is because
a "skull" of solid evaporant is maintained at the interface
and separates the melt from the support.

4. Electron beam heating sometimes offers other ad-
vantages such as greater simplicity of construction, more
directional heat supply, or less stirring of the melt.

5. Electron-bombardment heating is used to evaporate
compounds, provided these do not decompose upon heating.

The heating is a very versatile and almost universal evapo-

ration technique.

3.4 Proposed Experimental Work.

In the previous sections, the expected results are ob-
tained by calculation and plotted theoretically. Therefore,
device fabrication and experiments are now needed.

It is very important in the experiment to study and an-

ticipate the results so that if possible, curves (result)
can be plotted before device fabrication and measurement.
The plotted theoretical curves will be compared to the meas-
ured curves and analyzed thoroughly afterwards. If required,
the device will be refabricated and measured according to the
analyzed data. Through these processes, real and practical

results are obtained.
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The electron bombardment heating source is proposed to
fabricate the high mobility thin films of the  indium antim-
onide compound seniconductor because the source involves the
capability of annealing the evaporated thin film. Further-
more, the insulator coating is possible using the source.

As soon as the installation of the beam source and the
power supply is completed, fabrication of the InSb thin-film

MIS devices will begin.

4.0 Conclusions

The data expected in the experimental work were obtained
using the related equations. Actually, there are many fac-
tors to be considered in calculating the magnetoresistance;
they are the mobility, conductivity, and geometry as well as
the insulator thickness, gate-source voltage, ratio of effec-
tive drift mobility to true drift mobility, magnetic flux
density, etc. As a result, the calculation involving the
factors requires infinite time; therefore, the calculation is
restricted to the possible limited values.

The electron-beam-heated vapor source (called electron
gun) has many advantages so its installation in the wvacuum
chamber has been proposed and is in process. When the elec-
tron beam power supply, Model ES-6A-210 - is repaired, device
fabrication will start immediately.

In this report, practical results are not included be-
cause of the installation delay, but the calculated result
will be used in the fabrication process and also be used for

device analysis.
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